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Background: Various methods have been suggested to prevent hemodynamic instability caused by propofol and adverse effects caused by etomidate induction. The current study evaluated hemodynamic effects of propofol-ketamine mixture in comparison to etomidate-midazolam mixture during anesthesia induction.
Objectives: The aim of this study was to evaluate the hemodynamic effects of etomidate-midazolam by comparing it with propofol-ketamine for the induction of anesthesia in patients with left ventricular dysfunction undergoing coronary artery bypass graft surgery.
Patients and Methods: One-hundred patients aged between 40 and 65 with coronary artery disease and low ejection fraction scheduled for elective coronary artery bypass surgery participated in this study. The patients were randomly allotted to one of the two groups to receive either propofol-ketamine or etomidate-midazolam combination. Two groups were compared for pain on injection and myoclonus, Heart Rate (HR), Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP), Mean Arterial Pressure (MAP), Cardiac Index (CI) and Systemic Vascular Resistance (SVR), before and one minute after induction of anesthesia, and one, three and five minutes after intubation.
Results: Incidence of pain on injection (2 - 4%) and myoclonus (10%) was less in both groups. The hemodynamic response was similar in the two groups for all variables over the time interval, except for CI at one and three minutes after intubation (P = 0.024 and P = 0.048, respectively), and SVR in five minutes after intubation (P = 0.009), with differences being statistically significant.
Conclusions: Both anesthetic regimens were acceptable for induction in patients with coronary artery disease and left ventricular dysfunction undergoing coronary artery bypass graft surgery.
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1. BackgroundInduction of anesthesia is a critical period in cardiac pa-tients. Anesthetic induction techniques for cardiovascular surgery are usually based on considerations such as hemo-dynamic stability, maintenance of the balance between myocardial oxygen demand and supply and minimal in-tubation stress response (1, 2), that may cause an increased risk of morbidity and mortality in patients with cardiovas-cular or cerebral disease (3). Among the cardiac surgical cases, patients with Coronary Artery Disease (CAD) and low Ejection Fraction (EF) that are required to undergo Coro-nary Artery Bypass Grafting (CABG) surgery are a high-risk group. There are several literature reports regarding induc-tion of anesthesia with agents such as thiopentone, propo-fol, etomidate, midazolam and ketamine (4-10). The search for the ideal balanced intravenous general anesthetic over the past few decades has led many investigators to look into anesthetic drug combinations. Of the many anesthet-ic combinations that have been investigated, the propofol-ketamine combination has been a popular choice because of the specific properties intrinsic in each drug. Propofol 
is a sedative-hypnotic intravenous anesthetic that has a known cardiodepressant effect that produces hypoten-sion, (11, 12) whereas ketamine is a dissociative intravenous anesthetic that has known cardiostimulant properties. The combination of propofol and ketamine has been studied in outpatients and in patients undergoing minor non-cardiac surgery, by numerous authors (13-17). In most of these stud-ies the addition of low-dose ketamine has been shown to at-tenuate the cardiovascular depressing effects of propofol. However, we did not find any investigation about the use of Propofol-Ketamine (PK) combination in low EF patients undergoing CABG surgery. On the other hand, etomidate is the most appropriate drug in patients with compromised cardiopulmonary function because of its minimal cardio-vascular and respiratory depressant effects, (18) however, etomidate has some side effects such as injection pain, ad-renal suppression and myoclonus. Pretreatment with low dose of a hypnotic agent such as midazolam (19-21), reduces myoclonus. The incidence of myoclonus due to etomidate depends on the dosage and speed of injection (22). It seems 
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that induction of anesthesia with combination of drugs such as Propofol with Ketamine (PK) and Etomidate with Midazolam (EM) will eliminate or at least reduce these complications. The current study was performed as to the best of our knowledge there are no previous investigations comparing PK and EM combination in low EF patients un-dergoing CABG.
2. ObjectivesThe aim of this study was to evaluate hemodynamic responses to two different anesthesia regimens includ-ing etomidate-midazolam and propofol-ketamine in compromised ventricular function patients undergoing coronary artery bypass graft surgery.
3. Patients and MethodsIn this prospective, randomized study the participants included one hundred patients (68 males and 32 females; age range: 40 - 65 years old) of American Society of Anes-thesiologists (ASA) class II and III with coronary artery disease and left ventricular dysfunction (ejection fraction < 45%) scheduled for elective coronary artery bypass sur-gery at Rajaie Cardiovascular Medical and Research Cen-ter. The study protocol was approved by the Division Ethics Committee of our institute as a prospective, randomized clinical study. The patients’ records regarding age, gender, weight, ejection fraction, time required for laryngoscopy and intubation were stored in our database. Patients with congenital or valvular disease, suppressed immune func-tion, known adrenal insufficiency, chronic inflammatory diseases, history of early steroid use (about six months), al-lergy to the study drugs, history of stroke, convulsion, sei-zure, or other neurologic diseases, patients with opium ad-diction, severe hepatic and renal insufficiency, prolonged laryngoscopy or difficult intubation, severe systemic non-cardiac disease, as well as those who were undergoing a re-operation or combined cardiac valve surgery with CABG, were excluded. All patients continued their medications up to the day of surgery and were premedicated with in-tramuscular morphine at 0.1 mg/kg and lorazepam 1 mg one hour before entering the operation room. Basic hemo-dynamic monitoring, consisting of a five-lead electrocar-diogram, pulse oximetry and invasive arterial blood pres-sure, and specific hemodynamic monitoring, consisting of cardiac index and systemic vascular resistance by use of Non-Invasive Cardiac Output system (NICO; NOVAMETRIX, made in America) were initiated before the induction of anesthesia. A large bore intravenous catheter, (G16 or G14) at forearm (if possible), for reduction or prevention of pain on propofol or etomidate injection, and arterial line catheter were inserted after local anesthetic infiltration of the insertion site. During the induction, any pain on injec-tion and any involuntary movements were noted.
3.1. InterventionThe patients were randomly divided to two groups of 50 
each, by computer generated random numbers. Group PK (n = 50) received admixture of propofol 1 mg/kg and ketamine 1 mg/kg in one syringe intravenously over 30 - 60 seconds and Group EM (n = 50) received 0.06 mg/kg midazolam into a freely running infusion of saline solu-tion over 90 seconds before and during injection of 0.2 mg/kg etomidate intravenously for induction. Analgesia was obtained with sufentanil 2.5 µg/kg. For prevention or at least reduction of pain on injection in both groups, suf-entanil was injected before anesthetic drugs. Intravenous injection of cisatracurium 0.2 mg/kg was performed to fa-cilitate endotracheal intubation with an appropriate-sized endotracheal tube; this was done 90 seconds after the in-jection. Time period until loss of eyelash reflex was taken as the induction time. After checking and securing the endotracheal tube, and insertion of central venous line, mechanical ventilation was instituted to maintain eucap-nia. Anesthesia was maintained with continuous infusion of midazolam, sufentanil and atracurium in both groups. Our program for treatment of any hemodynamic insta-bility, including hypertension (MAP > 20% from baseline), was starting of intravenous nitroglycerine infusion and for treatment of hypotension (reduction in Systolic Blood Pressure to less than 90 mmHg) was placing of patient in the trendelenburg position (up to 30° angle), and infusion of lactated Ringer’s solution (5 - 7 mg/kg) and if these inter-ventions were insufficient, injection of ephedrine. If brady-cardia occurred (HR < 40), 0.5 mg of atropine was injected. Hemodynamic parameters, including Heart Rate (HR), Sys-tolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP), Mean Arterial blood Pressure (MAP) and Cardiac Index (CI), were measured and recorded before induction of anesthe-sia as a baseline (T0), one minute after induction (T1), one minute after intubation (T2), and three and five minutes after intubation (T3 and T4), and Systemic Vascular Resis-tance (SVR) was measured before induction of anesthesia as a baseline (T0), one minute after induction (T1) and five minutes after intubation (T4). Basic hemodynamic moni-toring (HR, SBP, MAP, DBP) was done for all patients and spe-cific hemodynamic monitoring including Cardiac Index (CI) and Systemic Vascular Resistance (SVR) was done for 17 patients from each groups. The observer who recorded all measurements was blinded to the induction agents.
3.2. Statistical AnalysisThe collected data were entered into the SPSS software for windows v. 21.0 (SPSS Inc., Chicago, IL, USA). The categori-cal parameters in the two study groups were analyzed by using Chi-square test or Fisher’s exact test as appropriate. Differences among the hemodynamic variables recorded over time in each study group (within group) were ana-lyzed using the repeated measures Analysis of Variance (ANOVA). Differences in mean values of hemodynamic parameters were analyzed using Student’s t test. The hy-pothesis of this study was that there would be a clinically meaningful difference in hemodynamic responses to the two different anesthetic regimens. Quantitative data were 
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expressed as Mean ± Standard Deviation (SD). A P value of ≤ 0.05 was considered statistically significant.
4. ResultsIn the present study, the patients’ characteristics in-cluding gender, age, weight, ASA class, ejection fraction and time required for intubation distribution in the two groups were found to be statistically similar (P > 0.05) (Ta-ble 1). All patients had moderate left ventricular dysfunc-
tion with ejection fraction ranging between 30% and 45%. During the induction, pain on injection occurred in two (4%) patients of Group EM and in one (2%) patient of Group PK yet the difference was not statistically significant (P = 1.000). Five (10%) patients had involuntary movements af-ter receiving the etomidate injection as compared to pro-pofol injection (0%) (P = 0.056). The heart rate and arterial blood pressure (systole, mean and diastole) measured at various time intervals were comparable between the two groups (P > 0.05) as shown in Table 2 (Figure 1).
Table 1.  Patient Characteristics in the Etomidate-Midazolam Group and Propofol-Ketamine Group a,b
Patient Characteristics EM Group c PK Group c P Value
Gender (F/M), n (%) 17/33 (34/66) 15/35 (30/70) 0.668
Age, y 57.16 ± 5.6 57.36 ± 5.5 0.858
ASA class, n (%) 0.534II 33 (66) 30 (60)III 17 (34) 20 (40)
EF, % 35.8 ± 4.6 35.3 ± 4.8 0.602
Weight, kg 71.28 ± 11.2 72.06 ± 8.7 0.700
Time required for intubation, s 22.50 ± 4.3 23.40 ± 5.6 0.370a  Abbreviations: ASA, American Society of Anesthesiologists; EF, ejection fraction; F, female; M, male; Group EM, Etomidate-Midazolam group; and Group PK, Propofol-Ketamine group.b  Values are presented as Mean ± SD or No. (%).c  n = 50.
Table 2.  Basic Hemodynamic Parameters at Various Time Intervals in the Etomidate-Midazolam and Propofol-Ketamine Group a,b
Parameters EM Group c PK Group c P Value
Heart Rate, beat/minBaseline (HR-T0) 73.9 ± 12.5 72.8 ± 11.4 0.6471 min after induction (HR-T1) 64.0 ± 10.9 63.0 ± 10.0 0.6151 min after intubation (HR-T2) 83.9 ± 11.1 83.0 ± 10.4 0.6653 min after intubation (HR-T3) 75.3 ± 10.9 75.10 ± 10 0.8975 min after intubation (HR-T4) 71.0 ± 11.0 71.0 ± 9.0 0.937
Systolic arterial BP, mmHgBaseline (SBP-T0) 147.6 ± 7.0 148.4 ± 7.5 0.5571 min after induction (SBP-T1) 110.3 ± 6.4 111.1 ± 7.0 0.5811 min after intubation (SBP-T2) 143.8 ± 7.4 146.0 ± 7.3 0.1333 min after intubation (SBP-T3) 131.0 ± 6.4 131.0 ± 6.8 0.9525 min after intubation (SBP- T4) 128 ± 6.8 129.6 ± 7.1 0.245
Mean arterial BP, mmHgBaseline (MAP-T0) 100.5 ± 7.0 100.5 ± 6.0 11 min after induction (MAP-T1) 82.4 ± 6.5 82.0 ± 6.3 0.7341 min after intubation (MAP-T2) 99.2 ± 8.4 99.6 ± 9.3 0.8573 min after intubation (MAP-T3) 88.7 ± 9.7 89.4 ± 9.1 0.7115 min after intubation (MAP-T4) 95.9 ± 6.4 95.9 ± 8.2 0.968
Diastolic arterial BP, mmHgBaseline (DBP-T0) 77.1 ± 8.8 77.0 ± 7.1 0.961 min after induction (DAP- T1) 68.6 ± 7.7 68.7 ± 6.7 0.9561 min after intubation (DAP-T2) 73.6 ± 9.7 74.2 ± 8.9 0.7393 min after intubation (DAP-T3) 72.3 ± 7.5 72.7 ± 6.5 0.7775 min after intubation (DAP-T4) 78.9 ± 6.0 78.3 ± 7.8 0.666a  Abbreviations: DBP, diastolic blood pressure; Group EM, Etomidate-Midazolam group; Group PK, Propofol-Ketamine group; HR, heart rate; MAP, mean arterial pressure; SBP, systolic blood pressure; min, minutes; T0, before induction of anesthesia (baseline); T1, one minute after induction; T2, one minute after intubation; T3, three minutes after intubation; and T4: five minutes after intubation.b  Values are presented as Mean ± SD.c  n = 50.
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Figure 1. Hemodynamic Parameters at Various Time Intervals in the Etomidate-Midazolam and Propofol-Ketamine Group
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Abbreviations: DBP, diastolic blood pressure; Group EM, Etomidate-Mid-azolam group; Group PK, Propofol-Ketamine group; SBP, systolic blood pressure; T0, before induction of anesthesia (baseline); T1, one minute after induction; T2, 1 minutes after intubation; T3, three minutes after in-tubation; and T4, five minutes after intubation.
Table 3.  Specific Hemodynamic Parameters at Various Time Inter-vals in the Etomidate-Midazolam and Propofol-Ketamine Group a,b
Parameters EM Group c PK Group c P Value
Cardiac Index, L/min/m2Baseline (CI-T0) 2.68 ± 0.3 2.82 ± 0.2 0.0991 min after induction (CI-T1) 2.17 ± 0.3 2.31 ± 0.2 0.0681 min after intubation (CI-T2) 2.69 ± 0.3 2.88 ± 0.2 0.024 d3 min after intubation (CI-T3) 2.48 ± 0.3 2.65 ± 0.2 0.048 d5 min after intubation (CI-T4) 2.38 ± 0.3 2.53 ± 0.2 0.068
Systemic vascular resistance, 
dynes/cm5Baseline (SVR-T0) 1837.67 ± 208.6 1852.4 ± 179.3 0.8241 min after induction (SVR-T1) 1342.3 ± 163.5 1298.1 ± 118.1 0.3665 min after intubation (SVR-T4) 1249.1 ± 160.1 1116.4 ± 120.6 0.009 da  Abbreviations: CI, cardiac index; Group EM, Etomidate-Midazolam group; Group PK, Propofol-Ketamine group; SVR, systemic vascular resistance; min, minutes; T0, before induction of anesthesia (baseline); T1, one minute after induction; T2, one minute after intubation; T3, three minutes after intubation; and T4, five minutes after intubation.b  Values are presented as Mean ± SD.c  n = 17.d  Statistical significance of parameters.
Changes in HR, SBP, MAP and DBP were not statistically significant at different time intervals between the two groups. There was a significant decrease from the baseline in heart rate (P = 0.001 in each group), systolic, diastolic and mean arterial pressure (P = 0.001 in each group), after in-duction in the two groups. All of these variables increased near baseline one minute after intubation, while heart rate increased above baseline one minute after intubation. However, intergroup comparison revealed no changes in these variables during this period (Table 2, Figure 1). We were able to measure CI and SVR in 17 patients from each group. There was a significant decrease in CI from baseline (P = 0.001 in each group) after induction and then a sig-nificant increase after intubation (P = 0.001 in each group) to above baseline, which was more prominent in the PK group (Table 3) (Figure 2). Increases in CI were significantly different at one and three minutes after intubation (T2, T3) between the two groups (P = 0.024 for T2 and P = 0.048 for T3). There was a significant decrease from baseline in SVR 
Figure 2. Cardiac Index at Various Time Intervals in the Etomidate-Mid-azolam and Propofol-Ketamine Group
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Figure 3. Systemic Vascular Resistance at Various Time Intervals in the Etomidate-Midazolam and Propofol-Ketamine Group
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Abbreviations: Group EM, Etomidate-Midazolam group; Group PK, Pro-pofol-Ketamine group; SVR, systemic vascular resistance; T0, before in-duction of anesthesia (baseline); T1, one minute after induction; T2, one minute after intubation; T3, three minutes after intubation; and T4, five minutes after intubation.
at different time intervals in both groups (P = 0.001 in each group). Intragroup comparison revealed that there was no significant change in SVR during induction and one and three minutes after intubation, however there was a sig-nificant decrease in SVR five minutes after intubation (P = 0.009) (Table 3, Figure 3).
5. DiscussionThere are no certain techniques or drugs in anesthetic methods to be used for compromised ventricular func-tion patients undergoing coronary artery bypass graft surgery. There are some concerns about frequently used drugs and methods. The present study demonstrated that a combination of intravenous induction drugs (etomidate-midazolam versus propofol-ketamine) can be safely used for anesthetizing high-risk patients under-going CABG. The use of etomidate and propofol has been considered preferable over other intravenous anesthetic agents in these groups of patients. However, etomidate has some side effects such as injection pain, adrenal sup-pression and myoclonus. The study of Pandey et al. (23) reported that etomidate provides more stable hemo-dynamic parameters presumably due to prevention of cortisol flow on induction by temporary suppression of cortisol synthesis, and concluded that maintenance of 
Aghdaii N et al.
5Anesth Pain Med. 2015;5(3):e27966
near-normal stress hormone levels under anesthesia is associated with better outcomes (11). Thus, we did not worry about adrenal suppression of etomidate in our patients. Induction of anesthesia with etomidate also re-sults in dose-dependent myoclonus in 50 - 80% of patients without premedication (22). In our study, because of pre-treatment with midazolam and reduced induction dose of etomidate, only 10% of patients had myoclonus. These results were similar to other studies that demonstrated incidence of myoclonus due to etomidate depends on the dosage and speed of injection and pretreatment with drugs such as midazolam, magnesium and ketamine (19-22). The findings of the present study showed that pain on injection was higher with the use of etomidate as compared to propofol (4% vs. 2%). This result was in contrary with the results of studies done by Kosarek et al. (24), Ayuso et al. (25) and Nyman et al. (26). We believe that the main causes of pain on injection were site of in-jection (dorsum of hand), (27) size of catheter (gauge 18 or 20) and use of ketamine in combination with propofol in these cases (13).The findings of the present study regarding basic hemo-dynamic parameters, showed a comparable decrease in heart rate, systolic, mean and diastolic blood pressure in both groups after induction, which was due to the loss of sympathetic stimulation on induction (28). These results were similar to the results of other studies for the EM group, (2, 13, 16, 17) and was in contrary with the result of a study by Singh Bajwa et al. (29) for the propofol-ketamine group that reported minimal increase in SBP and DBP af-ter induction, which slowly reduced to normal values due to antagonistic properties of propofol (decrease in blood pressure) and ketamine (increase in blood pressure). We also observed that all of these variables increased near baseline or above baseline in both groups one minute af-ter intubation, which was probably due to hemodynamic response to laryngoscopy and intubation. These results were similar to the results of other studies (2, 13).The main findings of the present study regarding hemo-dynamic effects of induction drugs, showed a decrease in Cardiac Index (CI) in both groups after induction that may have been caused by decrease in stroke volume, ac-companied by a decrease in arterial pressure. We also observed that cardiac index increased above baseline in both groups one and three minutes after intubation. This increase in cardiac index in the PK group at one and 3 minutes after intubation was more prominent than in the Etomidate-Midazolam (EM) group, which was prob-ably due to hemodynamic response to laryngoscopy, intubation and the cardiovascular stimulatory effect of ketamine in the PK group. These results were similar to the results of the Singh et al. (2) and were in contrary with results of the Pandey et al. (23) that compared hemody-namic effects of etomidate and propofol induction. They reported the reduction of all variables including cardiac index over the time interval in both groups that were more prominent in the propofol group. In our study be-
cause of admixture of ketamine with propofol, the car-diac index increased after intubation, and this increase was more than the etomidate group.In the present study, we observed a significant decrease in Systemic Vascular Resistance (SVR) at different time in-tervals in both groups. Results were consistent with the results of the study done by Pandey et al. (23) and Singh et al. (2). The severity of SVR reduction was similar in both groups at one minute after induction, which may be due to the hemodynamic properties of midazolam and ket-amine added to etomidate and propofol, respectively. However, at five minutes after intubation there was a sig-nificant reduction in SVR of the PK group in comparison with the EM group. We think these findings were because of the antagonistic properties of propofol and ketamine and dominancy of propofol properties after five minutes. The combination of propofol and ketamine has been studied in outpatients or in patients undergoing minor non-cardiac surgery, by numerous authors (13-17, 29, 30). In most of these studies the addition of a low-dose of ket-amine has been shown to attenuate the cardiovascular depressing effects of propofol (31). However, we did not find any investigation that compared EM and PK combi-nation in low EF patients undergoing CABG.In conclusion, the results of this study suggest that both etomidate-midazolam and propofol-ketamine com-binations produce stable hemodynamics and satisfac-tory induction conditions in patients with left ventricu-lar dysfunction undergoing coronary artery bypass graft surgery. These combinations provide rapid, pleasant and safe anesthesia with only a few side effects and minor hemodynamic fluctuations. There were no adverse he-modynamic changes from induction until the end of our investigation.
5.1. Study LimitationsIn the present study, the sample size (n = 17) for the in-vestigation of cardiac index and systemic vascular resis-tance of patients may have not been enough.
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